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JL^S., JI#¥^ *Hltfl tO-jE^l ^}o\] SJ^o] ^ o.^ o.^^ 
?A ^1 ^ q-2r.nl 3 371 o] ^Sl ^.o.^ ^ o.^ ^ 

HJ-^ofl 5£oH, a) ^ ^-7]^x>sJ- uDe^a ^xlo] ^ ^-^11- ^7l|; b) 

<#7] £# ^-^1# s^siM 3^s>ji ^sH^Hr #711; ^ c) #71 ^ ^-^-^Hl 1, 

^ ^ "fM ^Vl- ^71^ ^-^1 iflofl 71^-* <g#Al7l^- 

<3*fl£H ^^nj. 7l 7113 l-^ol -f^oL, ol^H S ^ 71-XH, 371 Si nfl 

-f ^ 71^ ^ iM*^ ^^^°]q. 

^-fr^ ^ -^-71^, ll^i ^M, £# 71^, #£-sl, 

-8-71 #5] -^el^olm, <1^1 
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^-fi-^. ^^^flS-Sl ^fc^ {METHOD FOR PREPARING DIELECTRICS MATERIAL. WITH LOW 
DIELECTRIC CONSTANT} 

<i> ji^3£ t jL^sq ^ofl ^*}<y ^ o.^ 1-^^ ^ 

^iL5L, ^-^1 ^ M-^lE^ 3.71 ^-c.^ aj-fr^ ^ 

<2> «_K£*ll ^^£7> ^7}t}#*] ^} iflJf# "g^Rr 5L^^ ^s.o) - 

Si-^, 2003^^ o]] ^ o.l jan^ s)^. ^d^* °l-§-t!: i^>7> 
7fl^€ ofltf^t].. *KE*fl 4iX>^ E ^^e^ 4^ 

^<3^ ^-fMM ^©.5. JL*l=lfe RC *1<S (delay W ^3 ^4. uKe*)] 

^ , Jl^S. #51^ ^£^.cf^ JL ^ A o V ^, RC ^SH ^€ 

Aj-g-^c^o]: ^-c}. SEtt 7>i-a-^ #a]S] A}-g-^ ti_V5L^l ^*}-o] ^ £ ^7>^ o>xJ| 
ef, 4i*l^-§- *r 913- , afl^s] ^ (cross-talk) 31*1*1 # 
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^}-§-*H 30 % ^ j^o] Al*fl#-g- ^Al^ w> o|cf. avigoll ^-^-^ 

^-§-tb 3^ r^fl o>2] A]^l^o] 

<4> ti>£^| ±z} *\)^6\) A>-g-£)^ ^^^m^ -n-^ A o^^> 4.0 91 Si0 2 ^ ^\^^°] 

*\, *i-n-3 F-Si0 2 n H^- i*H 23-§-Sl^L F-Si0 2 ^ 6- 

ojAj-o^ ^ o. cg^c^ 1-^*}; ^7> S]<H 3.5 o}v}9) -fr^tf^. 
Si^f. -n-^i A o^7> 3.0 2.5<el ^^7flS^ ^jl Ji^o^ o.^. 

*M1^ -S^i^ i*} 2.5 o]^>o) ^ o. 

^ ^flS^ 7fl^-o] ^^^ol^, oil- o^sfl o.XHAj.^ 7 |. 3 0 6j|^ 2.5 
91 -R-# #^7> 1 91 ^-711- 51<^Kr 

<5> -^71 # HSJ^H 71^-^ IBM°1 -B"7l^el?]lolE5q. S}-0)s| 

A}-g-<5>^ ^Olcf. o] ^ o. ^ ji^-j- ^-S}<*| -B-71 ^-71 *M 

^lS^l-Jl JL^oflA-i -^-7] Jl^># ^flTlf-A^.^ ^ 2.2 o]Z}o) 

^^^]» XIS*}^ ^f>}<&^. 71^ ^>-§-€ ^-^>7> nfl]= 

^ ^-g-^o] Aj-^.^ Oj^ 7] . ^ ]7l ^J7 ( J7«^ ^o] ^C>Xl^ ^ 

71] 1"^-^ ig^cf. 32^-7)-!- /•>-§- f-_OJL*] n}]^ ^ ^ ^ ^ 7 ] o] 

^H, ^ ^"7>^# JL-g-*l-# <g7l7> ^rOj-A-^ ^-7>^ ^-i^ 9l*}<^ ^9l*t 
3.7]°) 71^-g: ^*}7] ^^t^-. 
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3". °1 ^-°r 33" 71^1^ ^-<>H JL H]^^ _g. n fl 7 }- M-2r. 3715. ^JI o] 

^ u J-g-^ ^^1^ ^<LH1 ji -g.ui)7> %^±= ^^14. 

y}^ 0 ) ^^-^l t^SC interconnect pore)» 

<8>- ^ Cf^ ^ M^l^ ^.^^ 71^-i; ^-f^ 

<9> -g- ^o. ^^7] i7>^ tj-^^ tiflAj * 

<10> a) ^ -H-71^]-^- nflEiJA ^ ^-Ml- *H2^Rr #7fl ; 

<H> b) ^71 ^ 3*1 3.^^}JL ^S)-^ ^Tfl; ^ 

<i2> c ) >a-7i ^ <i, ^, ^4 7>*H -fr7l ^>1- 

<13> >l]7l*H ^A]7)fe #31 

<15> ^-B- ^-71 ^la« 0 >^oll o^sfl ^S^Itt «KE*I1 «fl*} #7J- ^ 
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<17> °1«HH ^.g. ^>*fl^7fl 

<18> -g- JL*} S}^ ^ Jl^> #^o] o}u} 0-7] 

nflE^i ^js>} ti> o.Al ^ ^ ^-^11- ?«3g o. 7 ] <g * 

M-^ °1*>S] 37l7> nflo. Xj-o. o. 7l A>-g-*} 7 l ufl^l nflJjL ^ 7^-g; 7>*]^ 

<19> =4? Hfl^ ^-fr^ ^B^g- HflEgJA ^XjO] o. 7 ] ^^TflolHS]. 7 ] ^ <§ -R- 

71 -g-7># A}-g-^ ^ =7*g « c >^ O.S. ^^JI W -R-7] ^-^ 

<fl ^Rr 3.^^. °H 3.*$$ ^fl^r -H-71 ^^TflolE^. 7l^ ^ o. 7l £ 

7}^ <#4 ^ ^£5. 2:^^- ^ 3^ -f <Hl^ aj>&<M 150-350 °C ?7}X\ 

& ^Al^l Cf^- 0.5-2 71^ ^ ^7l-g-7>!- ^-tj- 

^"2^- oil- rfAl 350-450 °C ?V*1 4-§-, =l 

^-£<>1H 0.5-2 *]:?> o.^a1^14. oH o. 7 |«.^> 7 l- <g«-sfl sM tfto.^ M-^ZL ^-71 

^>7l- ^1^ 71^0.5. Stt ^ ^^HH ^1^1 

QJ1 ^°\)*] ^ ^^£^1 ^S-^L ^Al^l Cl-g- ^ Al^V -fr^A]^ Cf^ 

^ ^11^-* ^ 71^-31 3.71^ <£&f% 51^ -B-7l^-^Sl 37121- A>-g-^- nfl 
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"fl-f ^ 71 <§>g% ^ tf^-E] ^tfo] ^ ^^o] t>J) 4-^>cf. 

<20> Sj-tgofl^ A)~g- 7>^*V DflEgjA -^5^, B^, ^VdSl, ^dil5. ^ 

3-2.5. 5*13^- S)-^, ^ *>7l 5^*H 45. S^ls)^ <>1^-<H*! ^^-5.^ t£ 

<22> [3)-«M 1] 

<23> RSiX 3 

<24> [S^H 2] 

<25> R 2 SiX 2 

<26> [3j-*H 3] 

<27> SiX4 

<28> [3}«H 4] 

<29> Z 3 Si-M-SiZ 3 

oo> >y-7i sj-sj.^ lf 2, 3 ^ 4^ <bHH, 

<31> R-g- 7>^tfl7> <H^uW ^ af5] EEfe ^o]^ ^olj), 
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<33> R X°lJL, X7} ^ ^el^^l 1 7fl 

<34> M £- 1-6^ <&*131, Stt 3)1^4 ^--B- <£1°14. 

<35> £ A}-g-S} 7)^ °-^o] ^jg o. 7 )«.^ 200-450 °C<HH ^-#7> 7> 

^ -^l-g-T-fsL, ^o]) ^ ^3gol 7}^ ^^(©l-ol^Al, til^, o>o] ttif 

?HH^ «\}*\~ 1 7fl 5J°m. *1~§-£1^ oJ«V 

*1 ^5L3.^&, ^5LS.<£Z±^& ^ olcf. ^-71 #5} ^iLMHJ=<2}- 

£^§H ^"§-^4, 1-3 ^^MHE ^7>*H ^f^l^L *>-§-^T' : 

*r $44. 

<36> Ol-Hflofl^ ^ ^-tgoj] 71^- -a-71^1- 4=*-^ 7) 

<37> [^S^ 1] 



<38> 



4^ ° i R 



4- 



<39> ^- 7 1 ^lofl^l , L ^ 71^ -fM ^H4. 
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<41> 



<«*•■■" 20 ml^ tflE^si-olcs. -8-nflol] ^I^e^^^-aI 8.6 m^sf ^ 0.66 M» 

^, ^ *HM «W = 3.#S.?1<4: 1.5 ^7}*>^4. 30 ^^r^l 

^ ^-§-^1^1^ so °cs ^ ^, 7><i ^-xm^ 5 *m ^V-S-^l^l 

^©h ^ -g-^l^r "^*>^ °1 -§-^ fl -i- ^1 41^-^-5. ^ -g-nflS S) 

-o: ^J-ja #5. pH7> ^o] ^ nfl^l ^o] ^£tf. ^oj^l 0.7I ^ ^ ^.^^ -Fr 

<44> ^-71 ^ 0. S -fi^o} 11^4^^ ^Hr^-fr ^ll^Pl^i ^-fi ?)■ 

S» °lllHMl^ ^4H1 -^-TflHlS. l.Otifl ^"^cf. #3] -g-^ ^5L^r 20 tfl*l 

24 

<45> o] -§-<*]-§; ^&f>] ^ ^, 31*1 2^ *fl°l*l 1000 rpnHH 10^, 3000 

rpnHH 20 S3. ^ 100 T^H 120 S# = 2}i*l)°l3(prebake)^S!t} v o]^ 

Til -g-n)|l- ^^-^(spin-on) ^#-§r ^£-^7l ^ 5L( furnace HH 3 °C 

q 200 450 °C?r*l *2^Ji z}- ^£o1]^ 120 -fr*l*H ^ ^ ^ -fi-^l 

<46> FT- IRS. -fM-g-*}^ dbll- ^°]S r ^ 71^- (pore) ^<?i*r ^ 

, ^ 7}^ 9] EL7}% ^^v}t\<% TEM^-S. ^ tf^-el 
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200 TC°1M ^-bHI- ^n]^ o.s ^-#^^4. 

<47> -8-71 ^-ff*r*l ^ f-sHlUllHl^^KV ^ 1.37ol 

<48> ^3a]^1 2 

<49> 15 m*^ EHE^}oln S _g. n flofl 5 . 73 g o} xfl ^ E 5} rfl^-A] ^ i^-Of 1.14 ti] 

4. °1 ^-§- OJ Hl 50.7 mg^ *>ol = s#S.^^ 1.82g^ ^^M] ^-§-<^-g- # 

31*1 %7}$\ ^3X^\. 9= 30 -g- 70 °C 33 £3. ^ 7}<I ^-fp^l 1 ^ 36 

^°J: #-g-*l^. 12 ^£ tf^*} =H oi*^.^ « 

sjA^Jl P H7> ^nfl^l ^^^ojcf. .^c^^l -^71^ -fr 

<50> Aj-71 ^O.S. «^ ^l^E^Dfl^-Al^^/til^E^^S-Al^^oll^] =L#5^ 

Al^^)^5.^]o]4 1 A]o]-ipeflol e^- (copolymer HI tfl^ ^-TfltilS 1.0 

^•£4. #*11 -g-^^ *5.*r 20 ifl*l 24 SHM ^534. 

<5i> o] -g-on^- ^ #^3*!; 3H1 1000 rpm<M 10 Sl, 3000 

rpnHH 20 aS. ^ S^^V ^, 100 TC°JH 120 prebake)*}$4. 
o]^7l] -g-afll- ^-^-( spin-on) ^^gr$\7) S.{ furnace 

3 r^ 1 200 450 °CV}*\ zj- ^£1^1 120 -8-*l*r°} ^ ^33 ^ -R-7] 
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£*ti ^-i: *£<£ty-£ <»$Zty. 

<52> FT-IR3. $-7)&x}9] ±^ 7l^(pore) ^<^€- ^S. ^9l& 

Jh, ^ 7)^^ 37lf <i^±:D]E^ TEM^-S ^ <5}J1 

£-] 200 M*! ^5}-*!- €-§-^1 ^-^1- ^^l^^S &g*\3Xty. 

<54> ^X\dft 3 

<55> ^bH1^€1- ^lSe^-ol-3.^5llolE(EflHe}^) 1.5 gofl ^^nfl(Kartedt cat.) 20 

^7}S}<*| ^ 15 tijr^-^ltl ^, E^n)l^-Al^^ (HTMS) 4.0 mM- ^7^}^ 

10 ^S. *hg-*l^. «]-g-^r NMR ^331 E^O.^ S-o]5r>Jl ^oj-ol^ 45 ° C , 

<56> tflMe)-§>olcs.^fl- 20 m^sf MTMS 5.9 nrf-g- ^7H><^ -g-<*M 

nfl^H iiH&Al?! * , <^7]ofl 1- 0.2 ratty 0.2 «r|-ol = 1.45 raC^r ^>7ll- 

^£r°lH 6 ^m^H &~%-*)%ty. ^r-g- ^ t^^!AS 3*J*1?I #s P H7> 

7l*>^4. 

<57> Aj. 7 ) w o V^jO S ^ nfl^ o]^«-^7)^ -g-nflofl ^^^1 ^c] * o] 

-g-^Hl S&l^[3-(M&)DllS.AlAj^)^^^]ol ; iA]o>ipeflolEl- ^-71] «1 1:13. * 
S.7> 20 ifl*l 24 #^%<y -g-^j-i- ^lS^l-^c]-. 
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<58> 



<59> 



<61> 



°1 -§-^# is^^l ^ ^^e]^: ^Sl^- ^1°]^ 1000 rpiHH 10 i£, 3000 

rpnHH 20 -SUtt 4s 100 120 ^ll S&|uflola.( pre bake)^l-^cf . °1 

-g-^Hl- ^T]^ ^^-^r(spin-on) €#^r ^^71 *>5q 3.(furnaceHH 3 
"C^ 200 °C2f 450 °C7}*] telnz]- ^Sl^i 120 -fr*l «H ^ ^ ^ -B-7l 

FT-IRS. ^-7)^}Q\ ±^ ^91*}^ 7]^-( p0 re) ^<^# Zt%z\°.3, ^91^: 
^€-§T ^ 7|^^| 3.71 # "S^^l^^ TEM^ zj-zj- *\3L 
3 <*j-?~^ 200 TC<*fH #Efl» ^ o.^ ^^fS^. 

[SI] 



<62> 



1 * * 




I TEM ^r^: 


1 




1 ^*H1 l 


1 ^ 


|>5nm pore 




1.33 


1 ^*H1 2 


1 ¥^ 


|>5nm pore 




1.318 


1 ^*H1 3 


1 ^ 


|>5nm °)^r pore 
' o 


8| 


1.312 



<63> 



<64> 



^g-f ^ ^ ^ V £3 &al l^flS 71^21 =L7l7> ^ ^ 

-f ^ 71^ g& ^-Jf^ ^^l^. 
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1] 

cf^^ a^-ffsl yfl^ ^ils^^i 

b) #7l ^ ^-^1» ^av^ofl s^^ji ^s^Hfr #7ll ; ^ 
C) #71 ^ ^^MH 1, * , Hl^r 14 ^-i" 7>*M o_7l «^>1- 

^l7l*H 4^ *fl<*fl 71^ ^711 

2] 

*H l *<M1 

#71 a)^l^ ^ ^-Mtt M -fr7l ^x>5q- nfles^ $W<y cf^# 

3] 

^ 1 *<M1 SU^i, 

#71 a)^l£} ^ ^-^m ^ -H-71 £-x><2} iseli ^1^1 ^-f^o] ^ 
4] 

#71 a) #31^1 ^ -fM£-*Hr ^-^^£71- 200-450 "C^Jl, ^ofl ^f?- ^ 

^§o] ^ol^^-Al, al^ ; c,}*}, oflAlJBS. ol^f-o^ ^o..s.-fEj l # 
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I^^J" 5] 

^1 1 9l°]*\, 

6] 

^ 5 $1^, 

^1 S^ls]^ ^Mr, ^ *>7l s}-^ 45. S^lSj^r S^l-S ^^^l -5-°-^fEi 

^ SE^r ^ ^£ o]#-g- ^^tb tfl^rS *fl^t!: S^r 

1] 

RSiX 3 

2] 
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R 2 SiX 2 

3] 

SiX 4 

mn-y 4] 

Z 3Si~M-SiZ3 

^-7] 1, 2, 3 ^ 4^ -*HH, 

Z ^ R X^, 2l^*V X7> 4 ^£l#ofl l 7fl o]^- o]J7 > 

fBi^r 1~63 ^31, SE^- 5)1^3}- ^ <y-^ 0 ]cf. 

7] 

*n i 

^-7] b)#3l3 7j5).^-i7> 150-350 r^l Ji^-ft-^ afl^i #71 ^o^Sj 

8] 

*fl 1 ^1 91°]*] , 

-S-7] c)#313 7j-1^£7> 350-450 °C«y «fl*} *fl 
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